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Introduction
Recent measurement of cosmic-ray positrons by the AMS-02 magnetic spectrometer on the International Space Station [3] confirms, with excellent precision, earlier measurements by PAMELA [1] and by Fermi-LAT [2] that demonstrate a positron fraction, e+/(e+ + e-), increasing with energy from 0.05 at 10 GeV to 0.15 between 200 and 350 GeV. Some cosmic-ray positrons must be created in interstellar space as secondary products of interaction of cosmic-ray nuclei (mostly protons and helium nuclei) with nuclei of the interstellar medium (mostly hydrogen and helium). However, widely used models of propagation of cosmic rays in the Galaxy, for example [4] , predict that such secondary positrons would give a positron fraction falling in this energy range from about 0.04 to less than 0.03. Thus, other explanations for the rising positron fraction must be considered. This "highlight talk" was invited to the ICRC for the purpose of bringing attention to recent papers (none of which were written by the presenter of this "highlight talk") that explain the rising positron fraction by modifying the widely used Galactic propagation model. Before presenting those alternative propagation models, we first summarize very briefly the other explanations for the rising positron fraction that have been discussed in the literature and in this ICRC.
Primary Positrons
The most widely discussed interpretation of the rising positron fraction is that there could be a new primary source of positrons, in addition to the secondary positrons produced by nuclear interactions. Two such primary sources have been considered annihilation or decay of dark matter particles, and positrons produced in pulsar magnetospheres.
Dark-matter origin of the positron excess has been widely discussed (for example [10, 11] ). The definitive evidence for a dark-matter origin would be an abrupt drop in the positron fraction above some energy, since such positrons cannot have energy greater than the rest mass of the darkmatter particles. No evidence for such a drop has been seen in AMS data up to about 300 GeV, but with time AMS could extend their measurements to about 1 TeV so a dark-matter signature could yet be found.
In pulsar magnetospheres, electrons can be accelerated and emit energetic photons by curvature radiation in the pulsars strong magnetic field. The resulting electromagnetic cascade would produce positrons, and acceleration of the positrons thus produced can yield a hard spectrum that could account for the rising positron fraction. See, for example [12] [13] [14] .
Secondary Positrons Produced in the Sources
An alternative interpretation of the rising positron fraction is the production of secondary positrons in the cosmicray source regions [15, 16] . In addition to the secondary positrons produced by cosmic rays interacting in interstellar space, there are likely to be secondary positrons produced by interactions with material in the source regions. These secondary positrons would then participate in the same acceleration process that produces cosmic-ray protons and electrons. The positrons thus accelerated are likely to have a harder spectrum than the Galactic secondaries calculated by Moskalenko and Strong and could thus account for rising positron fraction.
Erlykin and Wolfendale (private communication, hallway conversation at the ICRC) have submitted a paper proposing another mechanism for secondary positrons produced at the cosmic-ray sources. They point out that interactions of primary cosmic-ray nuclei in the source region will produce short-lived secondary nuclei, some of which will decay by positron emission. The MeV positrons thus produced will be very efficiently accelerated to cosmic-ray energies.
Secondary Positrons Produced in the Interstellar Medium
Models of cosmic-ray propagation in the Galaxy have been developed over the years to account for the observed secondary particles that result from cosmic-ray primaries interacting with the medium through which they propagate nuclei like boron, antiprotons, gamma rays, etc. Since at least some of the cosmic-ray positrons must be such secondary particles, it seems reasonable to investigate whether the recent positron observations can be accommodated within a Galactic propagation model. In other words, it seems appropriate to treat these observed positrons as one more constraint on cosmic-ray propagation.
Three approaches, each different from the others, have been proposed that account for the observed rise in positron fraction above 10 GeV as being due entirely to secondary positrons produced by interactions of primary cosmic rays throughout the Galaxy. It must be noted here that during the question period following the oral presentation of this "highlight paper" at the ICRC, objections to each of these three approaches were raised. These objections have been summarized in one section of a subsequent paper [17] . While I have received counterarguments to some of those objections from at least one of the authors, I will leave it to the authors to publish their own defenses as they consider appropriate.
One approach ignores the details of propagation models and simply assumes that positrons are produced at the same places as secondary nuclei like boron (which is the fragmentation product of carbon, oxygen, and other heavier nuclei interacting with interstellar gas). From the ratio of production of positrons to production of boron, one infers an upper limit to the positron fraction. It is an upper limit because it ignores energy loss processes suffered by positrons but not by nuclei. The upper limit thus calculated matches the peak of the positron fraction observed by AMS-02 [7, 9] . In support of this model, the authors apply the same principle to calculating the flux of cosmic-ray antiprotons, and produce a calculated antiproton/proton spectrum in excellent agreement with the result from PAMELA [18] . They point out that while the primary positron models, whether from dark matter or from pulsar magnetospheres, make no quantitative prediction of the positron fraction, this simple propagation approach gives excellent quantitative agreement with the peak positron ratio observed.
While the positron fraction thus calculated, ignoring energy losses, agrees closely with the observation at around 200 to 300 GeV, it falls substantially below the observation at lower energy, by about a factor of four at 10 GeV. Taking account of positron energy loss by synchrotron radiation and inverse Compton scattering, this model thus implies an escape time from the Galaxy of >∼1 Myr at ∼200 GeV, increasing with decreasing energy, reaching <∼30 Myr at 10 GeV.
A second approach notes that the Moskalenko & Strong model of Galactic cosmic-ray propagation is cylindrically symmetrical, but in fact cosmic-ray sources are likely to be concentrated in the spiral arms of the Galaxy. Taking into account energy loss of primary cosmic-ray electrons from those sources, while noting that secondary positrons are produced from primary nuclei that are distributed more uniformly throughout the Galaxy, a model has been developed that produces a rising positron fraction above 10 GeV [5] . It must be noted, however, that another calculation of Galactic cosmic-ray propagation, in which the spiral structure is incorporated, fails to match the observed positron fraction without invoking some primary positron source [19] . Other similar calculations that failed to match the rising positron fraction were presented at this ICRC [20, 21] .
A third modification of the commonly used Galactic propagation model invokes the "Nested Leaky Box" model [22] . In this model, boron and other nuclear secondaries are primarily produced in "cocoons" around the sources, from which escape is energy dependent, going as ∼E −0.6 . This energy-dependent escape from the secondaryproduction region accounts for the observed energy dependence of the secondary/primary cosmic-ray nucleon ratio (e.g., boron/carbon) at the energies where this ratio is observed, up to a few hundred GeV/nucleon. In this model, only a small fraction of the secondary nuclei are produced in the interstellar medium of the Galaxy, from which escape is essentially independent of energy.
These authors [6, 8, 24] note that while nuclear interactions produce secondary nuclei at essentially the same energynucleon as the primary interacting nucleus, secondary positrons are generally produced with about 5 % of the energy of the primary nuclei (usually protons) whose interaction produced them. Thus positrons observed with energies between 10 and 300 GeV are the product of interacting nuclei of energy between roughly 200 and 6,000 GeV. In this Nested Leaky Box model, nuclei of those very high energies quickly escape the "cocoons" around the sources, so the positrons observed in the energy region where their fraction is rising have been produced by interactions in the interstellar region with density about 0.5 hydrogen atoms/cm 3 , from which escape time is about 2 Myr essentially energy independent. In this model, these authors easily reproduce both the observed B/C ratio, and the positron fraction over the entire energy range for which we have observations, from 1 to ∼300 GeV.
Cowsik et al. point out that this Nested Leaky Box Model, with its energy-independent leakage from the Galaxy, avoids the inconsistency between the observed limits on cosmic-ray anisotropy at energies above a TeV and the higher values predicted in the more generally used propagation model (see for example, figure 12 in [23] ).
Conclusion
At the same time that we consider positrons from possible new primary sources, such as dark matter or pulsar magnetospheres, we should also be using the new positron data to reexamine cosmic-ray propagation models. In other words, it would be desirable to see whether with detailed calculations a model can be developed that is consistent with the observed positrons as secondaries, along with other secondaries antiprotons, deuterium, boron, and other nuclear secondaries and gamma rays. We have seen three different approaches for modifying the widely used propagation model that do indeed treat the positrons as secondary. None of these three approaches is yet a fully developed model. All three of them, as well as the widely used model of Moskalenko & Strong, should be studied further before we can be certain that the positrons come from some new source.
